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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to an electron source and an image-forming apparatus such as a display apparatus 
as an application of the electron source and, more particularly, to a surface-conduction electron-emitting device having 
a new structure, an electron-emitting apparatus or an electron source using the surface-conduction electron-emitting 
10 device, and an image-forming apparatus such as a display apparatus as an application of the electron source. 

Related Background Art 

Electron-emitting apparatuses using surface-conduction electron-emitting devices have simple structures, and can 
is be easily manufactured and driven by a driving voltage of several to several tens V Recently, the electron-emitting 
apparatuses as flat-type display apparatuses have been developed and researched. 

The structures and manufacturing methods for the surface-conduction electron-emitting device and the electron- 
emitting apparatus using the same have been described in detail in, e.g., Japanese Patent Application Laid-Open No. 
7-235255. This prior art will be briefly described below. 
20 Figs. 1 A and 1 B are schematic views of a conventional surface-conduction electron-emitting device. Fig. 1 A is a 

plan view of the device, and Fig. 1 B is a side view of the device. The device includes a substrate 1 , a positive device 
electrode 2, and a negative device electrode 3 and is connected to a power supply (not shown). Electroconductive 
films 5004 and 5005 are electrically connected to the positive device electrode 2 and the negative device electrode 3, 
respectively. The thicknesses of the electrodes 2 and 3 are several tens nm to several urn The thicknesses of the 
25 electroconductive films 5004 and 5005 are about 1 nm to several tens nm. A fissure 5006 almost electrically disconnects 
the electroconductive film 5004 from the electroconductive film 5005. The characteristic features of the fissure will be 
described together with the manufacturing process. After the device is formed, electrons are scattered and emitted 
from a portion near the distal end portion of the electroconductive film on the positive device electrode side of the 
fissure 5006. 

30 An electron-emitting apparatus using the surface-conduction electron-emitting device will be described below with 

reference to Fig. 2. 

Fig. 2 is a schematic view showing the electron-emitting apparatus using the surface-conduction electron-emitting 
device having the structure shown in Figs. 1 A and 1 B. 

This apparatus includes a power supply 10 for applying a device voltage V, to the device, an ammeter 11 for 
35 measuring a device current I, flowing across the device electrodes 2 and 3, an attracting electrode 12 for capturing 
electrons emitted from the electron-emitting portion of the device, a high-voltage power supply 1 3 for applying a voltage 
V a to the attracting electrode 12, and an ammeter 14 for measuring an emission current ^ generated by electrons 
emitted from the surface-conduction electron-emitting device and arriving at the attracting electrode. Additionally, a 
mesh electrode or phosphor plate is attached to the attracting electrode 12 to measure the distribution of electron 
40 arrival positions, as needed. To emit electrons, the power supply 10 is connected to the device electrodes 2 and 3, 
and the power supply 13 is connected to the electron-emitting device and the attracting electrode 12. To measure the 
device current If and the emission current i e , the ammeters 11 and 14 are connected, as shown in Fig. 2. 

The surface-conduction electron-emitting device and the attracting electrode are set in a vacuum vessel 16, as 
shown in Fig. 2, such that the voltages applied to the device and the electrode can be controlled outside the vacuum 
45 vessel. An exhaust pump 15 is constituted by a normal high-vacuum exhaust system comprising a turbo pump and a 
rotary pump, and an ultra high^vacuum exhaust system comprising an ion pump. The entire vacuum vessel 16 and the 
electron-emitting device substrate can be heated by a heater (not shown). 

The device voltage V f can change within the range of about zero to several tens V, and the voltage V a of the 
attracting electrode can change within the range of zero to several kV A distance H between the attracting electrode 
so and the electron-emitting device is set on the order of several mm. 

A method of manufacturing the surface-conduction electron-emitting device will be described below with reference 
to Figs. 3Ato3C. 

[Step-a] 

55 

A silicon oxid film having a thickness of about 0.5 um is formed on a cleaned soda-lim glass by sputtering, and 
a photoresist pattern (negative pattern) of the devic electrodes 2 and 3 is formed on the substrate 1 . A Ti film having 
a thickness of, e.g., 5 nm and an Ni film having a thickn ss of 100 nm ar sequ ntially deposited on the resultant 
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structur by vacuum deposition. Th photoresist pattern is dissolved by an organic solv nt. The Ni and 7i deposition 
films ar lifted off t form the devic lectrodes 2 and 3 (Fig. 3A). 

[Step-b] 

A Cr film having a thickness of about 1 00 nm is deposited by vacuum deposition and patterned by photolithography 
to form an opening conforming to an electroconductive film. An organic Pd compound (ccp4230, available from Okuno 
Seiyaku K.K.) is rotatably applied by a spinner, and a heating and baking treatment is performed to form an electro- 
conductive film 7 formed of fine particles whose principal ingredient is palladium oxide. The film of fine particles is a 
film consisting of a plurality of fine particles. As for the fine structure, the fine particles are not limited to dispersed 
particles. The film may also be a film comprising fine particles arranged to be adjacent to each other or overlap each 
other (an island structure is also included). 

[Step-c] 

The Cr film is etched using an acid etchant and lifted off to form the desired pattern of the electroconductive film 
7 (Fig. 3B). 

[Stepnd] 

The device is set in the apparatus shown in Fig. 2. The apparatus is evacuated by the vacuum pump to a degree 
of vacuum of about 2.7 X 1 0* Pa (2 X 1 0-5 Torr). The power supply 1 0 for applying the device voltage V f to the device 
applies the voltage across the device electrodes 2 and 3 to perform electrification process called energization forming. 
This energization forming process is performed by applying a pulse voltage with a constant or gradually stepping up 
pulse height. With this energization forming process, the electroconductive film 7 is locally destroyed, deformed, or 
changed in properties, thus forming the fissure 5006 (Fig. 3C). Simultaneously, a resistance measurement pulse is 
inserted between the energization forming pulses at a voltage of, e.g., 0.1 V not to locally destroy or deform the elec- 
troconductive film 7 during energization forming, thereby measuring the resistance. When the measured resistance of 
the electroconductive film 7 becomes about 1 MQ or more, application of the voltage to the device is stopped to end 
the energization forming. 

[Step-e] 

The device which has undergone the energization forming is preferably subjected to processing called activation. 
With the activation processing, the device current l f and the emission current l e largely change. The activation process- 
ing can be performed by repeating pulse applicat ton in an atmosphere containing, e.g. , the gas of an organic substance, 
as in energization forming. This atmosphere can be obtained using an organic gas remaining in the atmosphere in 
evacuating the vacuum vessel by using, e.g., an oil diffusion pump or rotary pump, or supplying an appropriate gas of 
an organic substance into the vacuum obtained by sufficiently evacuating the vacuum vessel using an ion pump or the 
like. The preferable gas pressure of the organic substance changes depending on the application form, the shape of 
the vacuum vessel, or the type of organic substance, and is appropriately set in accordance with the situation. Examples 
of the appropriate organic gas are aliphatic hydrocarbons such as alkane, alkene, and alkyne, aromatic hydrocarbons, 
alcohols, aldehydes, ketones, amines, phenols, organic acids such as carboxylic acid and sulfonic acid. More specif- 
ically, a saturated hydrocarbon represented by C r fi^ 2 such as methane, ethane, or propane, an unsaturated hydro- 
carbon represented by C^H^ such as ethylene or propylene, benzene, toluene, methanol, ethanol, formaldehyde, 
acetaldehyde, acetone, methyl ethyl ketone, methylamine, ethylamine, phenol, formic acid, acetic acid, or propionic 
acid, or a mixture thereof can be used. With this process, carbon and/or a carbon compound resulting from the organic 
substance present in the atmosphere is deposited on the device, so that the device current l f and/or the emission 
current l e largely changes. The end of the activation processing is appropriately determined while measuring the device 
current I, and the emission current l^ The pulse width, the pulse interval, and the pulse height are appropriately set. 
Carbon and/or a carbon compound means e.g., graphite (graphite contains so-called HOPG, PG, or GC; HOPG is an 
almost perfect graphite crystal structure, and PG is a slightly disordered crystal structure having crystalline grains of 
about 20 nm, while GC contains crystal grains having a size as small as 2 nm and has a crystal structure that is 
remarkably in disarray) or non-crystalline carbon (non-crystalline carbon means amorphous carbon or a mixture of 
amorphous carbon and fine crystal of graphite). The thickness of carbon and/or carbon compound is preferably 50 nm 
or less, and more pr f rably, 30 nm or less. By d positing the carbon compound, th ffectfv width of th fissure 
decreases so that lectrons are scattered and emitted from th distal end of the lectroconductiv film on the positive 
d vie electrode side. Wh nth lectron mission positions in th resultant device ar av raged along th fissur at 
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ameasur of 10to100nm,th lectron mission positions are continuously distributed along the fissure, as is known. 
That is, th lectron mission points ar almost continu usly and unif rmlypres nt at a resolution of 10 to 100 nm. 

The lectron-emitting devic obtained by the above processes is preferably subjected to a stabilization proc ss. 
In the stabilization process, th organic substanc inth vacuum v ss I and on th d vie is removed. As th vacuum 
pump15for vacuating the vacuum vess 116, a pump which uses no oil is pr f rably used to pr venttheoilg nerated 
from th apparatus from affecting the d vie characteristics. More specifically, a vacuum exhaust apparatus such as 
a combination of a sorption pump and an ion pump can be used. When an oil diffusion pump or a rotary pump is used 
as the exhaust apparatus, and an organic gas from the oil component generated from the exhaust apparatus is used 
in the activation processing, the partial pressure of this component must be minimized. The partial pressure of the 
organic component in the vacuum vessel is preferably so low as not to newly deposit the carbon and/or carbon com- 
pound, e.g., 1.3 x 10* Pa (1 x 10" 8 Torr) or less, and more preferably, 1.3 X 10" 8 Pa (1 X 10" 10 Torr) or less. When 
the vacuum vessel is to be evacuated, the entire vacuum vessel is preferably heated to easily remove the organic 
substance molecules adsorbed on the inner wall of the vacuum vessel or the electron-emitting device. The heating is 
preferably performed at 80°C to 250°C, and more preferably, 150°C or more for a time as long as possible. However, 
the heating condition is not limited to this. Heating is performed under a condition appropriately selected in accordance 
with various conditions including the size and shape of the vacuum vessel and the structure of the electron-emitting 
device. The pressure in the vacuum vessel must be minimized and is preferably 1.3 x 10" 5 Pa (1 X 10~ 7 Ton) or less, 
and more preferably, 1 .3 X 10* 6 Pa (1 x 10-8 jorr) or less. As an atmosphere for driving the device, the atmosphere 
at the end of the stabilization process is preferably maintained. However, the atmosphere is not limited to this. As long 
as the organic substance is sufficiently removed, sufficiently stable characteristics can be maintained although the 
degree of vacuum itself slightly decreases. By employing this vacuum atmosphere, new deposition of carbon and/or 
carbon compound can be prevented, and FfeO or Cfe adsorbed on an inner wall of the vacuum vessel or the substrate 
of the device also be removed, thus stabilizing the device current l f and the emission cunent l e . 

The basic characteristics of the electron-emitting apparatus having the above-described device structure and pre- 
pared by the above manufacturing method will be described with reference to Fig. 4. Fig. 4 shows the typical relationship 
among the emission current l e , the device current I,, and the device voltage V f measured by the electron-emitting 
apparatus shown in Fig. 2. Fig. 4 is illustrated using arbitrary units because the emission current \ 9 is much smaller 
than the device current l f All axes are represented by linear scales. 

As is apparent from Fig. 4, the electron-emitting apparatus has three characteristics for the relationship between 
the emission current l e and the device voltage V f First, when a device voltage equal to or higher than a certain voltage 
(to be referred to as a threshold voltage hereinafter V ft in Fig. 4) is applied to the device, the emission current l e 
abruptly increases. When the applied voltage is lower than the threshold voltage V^, almost no emission current l e is 
detected. That is, this device is a nonlinear device having the clearly defined threshold voltage V ft with respect to the 
emission current l e . Second, since the emission current l e depends on the device voltage V,, the emission current l e 
can be controlled by the device voltage V f Third, the amount of arriving charges captured by the attracting electrode 
12 depends on the time for which the device voltage V f is applied. That is, the amount of charges captured by the 
attracting electrode 1 2 can be controlled by the time for which the device voltage V f is applied. 

According to the above-described characteristics, at a voltage equal to or higher than the threshold voltage, elec- 
trons captured by the attracting electrode 12 are controlled by the pulse height and width of the pulse voltage applied 
across the opposing device electrodes. At a voltage tower than the threshold voltage, almost no electrons reach the 
attracting electrode. Even when a number of electron-emitting devices are arranged, the surface-conduction electron- 
emitting devices can be selected in accordance with an input signal by appropriately applying the pulse voltage to the 
individual devices, so that the electron emission amount can be controlled. 

When a plurality of electron-emitting apparatuses are constituted on the basis of this principle, a flat-type image 
display apparatus can be formed. The constituting method is disclosed in detail in Japanese Patent Application Laid- 
Open No. 7-235255. This will be briefly described. A plurality of surface-conduction electron-emitting devices are ar- 
ranged on the same substrate in correspondence with the pixels of a flat^type image display apparatus. Wires from 
the device electrodes 2 and 3 are arrayed in a simple matrix as row-directional and column-directional wires. As the 
attracting electrode, a common electrode is used. Phosphor films are applied on the attracting electrode at positions 
corresponding to the electron-emitting devices, thereby forming pixels. The pixels can be turned on by electrons at- 
tracted by the attracting electrode. In driving, a positive potential V (V^ > V > Vy2) is selectively applied to the row- 
directional wires, and a negative potential -V (V m > V > Vtf/2) is selectively applied to the column-directional wires. 
With this operation, only selected devices along the rows and columns are applied with a device voltage higher than 
the threshold voltage V^. On the basis of this fact and the above-described characteristics of the electron-emitting 
apparatus using the surface-conduction electron-emitting device, only the selected devices along the rows and columns 
can be driven. 

In addition to th above-described lectron-emitting apparatus using the general surface-conduction d vie , the 
following invention has be n applied. A surface-conduction lectron-emitting devic in which the positiv devic lec- 
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trode and th negativ device electrode are not symm trical is proposed in Japanese Pat nt Application Laid-Op n 
Nos. 1-311532, 1-311533, and 1-311534. In Japan s Patent Application Laid-Open Nos. 1-311532, 1-311533, and 
1 -31 1 534, the object is to shape an lectron beam arriving at the attracting electrod . The pr sent invention is to solve 
a problem drff r nt from that of th prior arts, as will be d scribed later 
s In the flat-typ display apparatus according to the principle of the lectron-emitting apparatus d scribed in th 

prior art, an efficiency r\{r\ = \J\ f ) corresponding to the ratio of the emission current amount l e of electrons arriving at 
the attracting electrode 12 to the device current amount l f is preferably high. More specifically, when the efficiency t\ 
can be raised, the device current l f necessary for obtaining the same emission current l e can be decreased. It can be 
expected that the wires for connecting the devices be easily designed, or degradation of devices be suppressed. 

10 The problem to be solved by the present invention is to improve the efficiency of the electron-emitting apparatus 

while maintaining a constant current amount at the attracting electrode. 

To describe this problem in more detail, the mechanism of the electron-emitting apparatus using the surface- 
conduction electron-emitting device will be described below. 

As described above, with the process called energization forming and the process called activation, a fissure is 

15 formed in the electroconductive film of the surface-conduction electron-emitting device such that the electroconductive 
film is divided into a portion electrically connected to the positive device electrode and a portion electrically connected 
to the negative device electrode. It is found that, of this fissure in the film, a portion having a width of nm order is 
present. In addition, various examination experiments and computer simulations reveal that electrons are almost iso- 
topically emitted from the distal end portion of the higher potential-side film neighboring the portion of the fissure of 

zo nm order (exactly, assuming that electrons are isotopically emitted from the distal end portion of the higher potential- 
side film portion, the experimental results coincide with the simulation results without any contradiction). The higher 
potential-side film portion is an electrically connected portion which can be regarded as an equipotential portion in- 
cluding the electroconductive film 5004 and the positive device electrode 2. Similarly, a portion which can be regarded 
as an equipotential portion including the electroconductive film 5005 and the negative device electrode 3 will be referred 

2S to as a lower potential-side film portion hereinafter. 

By examining the motion of electrons in an electrostatic field, it is found that the electrons emitted from the distal 
end of the higher potential-side film portion exhibit behavior different from those emitted from the negative device 
electrode side as in a field-emission electron-emitting device. The characteristic motion of electrons in the electron- 
emitting apparatus using the surface-conduction electron-emitting device will be examined below 

30 The fissure in the actual surface-conduction electron-emitting device has an irregular zigzag shape. The amplitude 

of the zigzag fissure is often almost 1/2 or less the width between the positive device electrode and the negative device 
electrode although it depends on the device formation method or the like. Therefore, a theory must be constituted in 
consideration of the zigzag fissure. For the descriptive convenience, a device having a zigzag fissure with a minimum 
amplitude and a theoretical model corresponding to this device will be described first. That is, an electrostatic potential 

35 distribution for a linear fissure will be described. Figs. 5A to 5C are sectional views of potential distributions of various 
orders. (After examination of the motion of electrons for the linear fissure, that for the zigzag the fissure will be examined 
in detail, and the problem for the present invention will be described). 

Assume that a fissure 30 portion is a linear fissure, and the surfaces of the device electrodes and the film portions 
are on a plane where z = 0 and extend to have a sufficiently larger area than a given region (a region 34 in Fig. 6; to 

40 be described later in detail). When the potential distribution can be regarded to be completely binarized on a higher 
potential-side film portion 31 and a lower potential-side film portion 32, the higher potential-side film portion 31 and the 
lower potential-side film portion 32 can be electrostatically approximated as two opposing electrode plates. When the 
distance H between the device and the attracting electrode 1 2 is sufficiently large as compared to the given region 34, 
the field distribution (^.0,E Z ) in the electron-emitting apparatus using the surface-conduction electron-emitting device 

45 is given by equation (1 ) while regarding the (x,y) plane as a complex plane: 



so 



Equation (1) E + iE 2 = A 



= + i 

(D/2) 



2 + h H 



where i = V-1 , and % is the circle ratio. The center of the coordinates is set at the center of the fissure, and D is the 
effective fissure width. V f is the voltage applied to the device within the range of several to several tens V. V a is the 
voltage applied across the device and the attracting electrode within the range of several to several tens kV The 
distance H between the device and attracting electrode is on the order of several mm. Therefore, VJH is on the order 
55 of about 10 6 to10 7 V/m. 

The ffectiv width D means a width as a paramet r fitted to equation (1) such that the width matches th actual 
electric field at a position separated from the c nter of the fissure by a distance several tens times the siz of the 
fissure. As is xp rimentally known, this width is on the ord rof several nm in the surfac -conduction electron-emitting 
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d vie . 

Figs. 5A to 5C show potential distributions obtained by int grating th lectric fi Id d scribed by equation (1) by 
various scales. Fig. 5A shows the potential distribution of mm rder. Fig. 5B shows the potential distribution of urn 
order. Fig. 5C shows th potential distribution of nm ord r. (Th fissure, the higher pot ntial-sid film portion, th tow r 
s potential-sid film portion, and the attracting lectrode 12 which ar approximated by equation (1 ) will b r presented 
by 30, 31 , 32, and 33, respectively, and corresponding portions are shown in Figs. 5A to 5C). 

The electric field becomes zero on a straight line parallel to the fissure (Y-axis) on the plane where z = 0, in which 
the value X is given by equation (2) below: 

10 . 7 

Equation 2 * s = fJl + [£^ J 

When the potential is regarded as the imaginary part of a complex fluid potential, a point where the flow field stagnates 
is corresponds to the field zero point because of the nature of the potential as a harmonic function. On the basis of the 
analogy between the fluid and the electrostatic field, the linear portion where the electric field stagnates will be referred 
to as a stagnation line, or a stagnation point 35 based on the sectional shape of the (x,z) plane. A distance ^ from the 
center of the fissure to the stagnation point 35 is a length representing the characteristic feature of this system. 
On the order in the electron-emitting apparatus, ^ » D, and Xs can be sufficiently approximated as equation (3): 

20 

Equation (3) x s = -'^ 

25 As is apparent from equation (3), ^ does not depend on the effective width D (^ » several nm). When V a is 1 kV, V f 
is 1 5 V, and H is 5 mm, Xq is about 23.g um. 

The approximation of equation (3) corresponds to field distribution approximated as equation (4) below: 

30 Equation(4) E > /E= - £ -4- + & 

x z 2% x- iz H 

When the ratio of ^ to the fissure width is sufficiently high, Le., in a region outside a semicircular cylinder having a 
radius of several times the effective fissure width D from the center of the fissure 30, this approximation is a good 
35 approximation. The first term on the right side of equation (4) represents a so-called revolving field. The second term 
represents an electric field called a longitudinal field. The characteristic field in the electron-emitting apparatus using 
the surface-conduction electron-emitting device can be approximated by the sum of the revolving field and the longi- 
tudinal field. 

The potential distribution corresponding to equation (4) is obtained by integrating equation (4) as equation (5): 

40 

Equation (5) 

Vix * iz) = ml^logl^Ul) * i^z) 
\2n x - xz H ) 



where Im represents the imaginary part. 

50 Analysis of the electric field given by equation (1 ) shows that a region where the electric field has a vector com- 

ponent in the positive direction of the Z^axis is present in the higher potential-side film portion 31. The region has a 
solid semicircular cylindrical shape obtained by translating, along the Y-axis, an almost semicircular region having a 
radius 1/2 Xg while setting the central axis at the center of the fissure 30 and the center of the stagnation point 35. In 
this region, electrons receive a downward force. This region will be referred to as a negative gradient region 36 here- 

55 inafter. The corresponding region is indicated as a hatched portion in Fig. 5B. When approximation of equation (4) 
holds, the negativ gradient region 36 is surrounded by a perfect s micircle and th X-axis on th Z-X plan 

Even when electrons are mitted from the distal nd portion of the higher potential-sid film portion 31 by a c rtain 
ffect.th electrons fall in then gative gradient region 36 upon rec iving the downward fore (in the negativ direction 
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of the Z-axis in Fig. 5B). In addition, various analyses reveal that th electrons fall onto the surfac of the higher 
potential-sid film portion 31 , some lectrons ar absorbed into th higher potential-side film portion 31 and flow as 
the device current, and some other lectrons are scattered into th vacuum again. Th lectrons ar emitted from the 
distal end portion of th higher potential-sid film portion 31 , and then repeatedly fall and scatter. Only electrons com- 
s pletely passing through th negativ gradi nt region 36 r ach th attracting electrod 33 and becom the mission 
current. 

When the lengths of the higher potential-side film portion 31 and the tower potential-side film portion 32 along the 
X direction are larger than Xq, the film portions can be regarded as opposing electrode plates, as in the above approx- 
imation. When the scale of the zigzag fissure is much smaller than x^ the fissure can be regarded as a linear fissure. 

10 In the above sense, the fissure in the surface-conduction electron-emitting device can be regarded as a linear 

fissure. The above-described "given region" is a parallelepiped cylindrical region extending along the Y direction and 
having a height of several to several tens times from the device surface in the 2 direction, at which electrons are 
present, and having a size of twice to ten times the stagnation point in the X direction. That is, 1) the fissure portion 
can be regarded as a linear fissure when the width of the meander is smaller than y^, 2) the unevenness of a surface 

is of the portion of the films and electrodes of the device are much smaller than x^ 3) the higher potential-side film portion 
and the lower potential-side film portion extend across a sufficiently larger area than the region enclosed in the paral- 
lelepiped cylinder, and 4) when H »x 8 holds, the system can be considered to have a field distribution described by 
equation (1) or (4). The electron-emitting apparatus using the general surface-conduction electron-emitting device 
almost satisfies the above conditions. 

20 Electrons passing through the region enclosed in the parallelepiped cylinder exhibit a motion which can be regarded 

as an almost parabolic motion due to the parallel field shown in Fig. 5A between the device and the attracting electrode 
33. 

The field distribution approximated by equation (1) or (4) has a nature different from that in the electron-emitting 
apparatus in which the capture electrode corresponding to the attracting electrode 33, and electrodes corresponding 

25 to the equipotential portions 31 and 32 are formed on the same substrate. When the value of the voltage applied to 
the device is large, e.g., when V f is 200 V, V a is 1 kV, and H is 5 mm, x,, is about 300 um To form the device described 
by equation (1) or (4), a device of mm order must be considered. Therefore, when the value of the voltage applied to 
the device is large, and the device size is on the order of submillimeter or less, it can be easily estimated that the device 
has a field distribution different from the characteristic field distribution of the above-described surface-conduction 

30 electron-emitting device. 

Almost all the characteristic features of the electrostatic system have been described above. The relationship 
between the motion of electrons and the electrostatic structure of this system will be described below. 

Because of the energy conservation law, the energy of electrons emitted from the device (into the vacuum) is given 
by (eV, - W f ) where e is the charges of electrons, and W, is the averaged work function on the surface of the higher 

35 potential-side film portion 31 . Since V f is several to several tens V, and the work function is about 5 eV or so, for general 
material, the electrons have an energy of several to several tens eV. Electrons having the energy of several to several 
tens eV have a nature different from those having a high energy, as is known, although the details of the nature have 
not been clarified. As is apparent from various examinations, elastic scattering occurs on the surface of the higher 
potential-side film portion 31 . When the entire ratio of the elastic scattering components is represented by p, the value 

40 p j s about 0.1 to 0.5. In addition, since the electrons exhibit a wave-like behavior in term of quantum theory because 
of their low energy, and the film surface has three-dimensional patterns (unevenness), there are isotopically scattering 
components. Therefore, it is classically interpreted that the ratio of components which are scattered in a certain direction 
seems to be probabilistically given. 

Because of such a scattering mechanism, it can be understood that the motion of electrons must be statistically 

^5 handled. In addition, since the value 0 is less than 1 , it is found that electrons in the vacuum decrease by the power 
of the value p every time the scattering is repeated. 

Such multiple scattering is considered to decrease the efficiency t| (= IJlj). Therefore, as a means for improving 
the efficiency, the number of times of falling of electrons onto the surface of the higher potential-side film portion 31 
must be decreased. 

50 As described above, the surface-conduction electron-emitting device having the linear fissure 30 absolutely has 

the negative gradient region 36 having an almost semicircular shape, and this negative gradient region 36 contributes 
to falling of electrons onto the surface of the higher potential-side film portion 31. Therefore, control of this negative 
gradient region 36 is the most important challenge. 

In the above description, however, the degree of reduction of the negative gradient region 36, and the comparison 

55 target to which the size of the negative gradient region 36 is relatively reduced are obscure. The characteristic length 
of this system, which is det rminedbyth energy of electrons, will b described next. This length is det rminedbythe 
motion of electrons. 

In the n gativ gradi nt r gton 36 and near th fissur 30, the electric fi Id can b regarded as a r volving fi Id 
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by primary approximation. The motion of electrons associated with th revolving field at V a = 0 has b en analyzed by 
equation (4). As a result, it is found that when the Y-directton distribution of points wh r lectrons isotopicalfy mitted 
from a point (xq.0,0) on the higher potential-side film portion 31 fall onto on th higher potential-side film portion 31 is 
integrated, th distribution is almost represented by th following function by simulation: 



Equation (6) 



f[x)dx 



Ng Q (x) dx for D/2 £ x < x^ 



— dx for x 0 z x z Cx 0 



x 



0 for CXq < x 



where N is the normalization constant, g^ is the positive monotonously increasing function, and C is the magnification 
parameter represented by equation (7) below: 



Equation (7) 



That the orbits of electrons are determined only by the magnification at the emission position means that, when V a is 
0, the characteristic length is not present in this system. The maximum arrival position is also determined by the multiple 
30 of the emission position from the central portion of the fissure. Therefore, it can be considered that the emitted or 
scattered electrons rise at maximum to the height (in the positive direction of the Z-axis) on the order of: 

Expression (8) Cx 0 

35 

When V f is 14 V, and W f is 5.0 eV, C is 130. When x© is 5 nm, CXq is about 650 nm. 

When the length determined by the motion of electrons is known, the comparison target to which the relative size 
of the negative gradient region 36 must be determined is obvious. That is, the negative gradient region 36 is not so 
large as compared with Cxq. 

40 The effect of the zigzag fissure will be examined below. From the above examination, when the simplified electric 

field (1 ) is further approximated, the equation (1) can be rearranged as equation (4). Since the electrons undergo the 
probabilistic process, i.e., scattering, the calculation shows that the set of the orbits of electrons has a distribution at 
almost the same density as that obtained by equation (1) and in the electric field of equation (4). (In equation (6), the 
effect depending on the presence/absence of the effective fissure width D, and the like are calculated. As is known, 

45 when the fissure width is sufficiently smaller than x^ the orbits of electrons are not largely affected by the presence/ 
absence of the fissure width D. This condition is satisfied in the conventional electron-emitting apparatus). It can be 
understood that the electric field of equation (4) for the sufficiently small effective fissure width D (D = 0) is the char- 
acteristic electric field of the electron-emitting apparatus using the surface-conduction electron-emitting device. There- 
fore, it is important to examine the electric field formed by the device portion consisting of the higher potential-side film 

50 portion 31 and the lower potential-side film portion 32 and the attracting electrode 33 for the sufficiently small effective 
fissure width D (D = 0). 

Even for the zigzag fissure, the ratio (Xg/H) of the maximum value of ^ to the distance between the attracting 
electrode 33 and the device can be considered to be sufficiently small (H » xj. This ratio can be approximated as 
the linear sum (superposition) of the electric field formed by the device portion consisting of the higher potential-side 
55 film portion 31 and the lower potential-side film portion 32 and the electric field formed by the attracting electrode 33 
when no effectiv fissur width is pr sent. 

Even when the actual fissure has a non-zero width, th substantial portion of the electric field of the zigzag fissure 
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is expected to be th field distribution of the device portion when the effective fissure width is sufficiently small (D = 0). 

Assuming that th potential of the bw r potential-side film portion 32 is z ro, calculation r veals that the potential 
distribution formed by th device portion having th zigzag fissure present on the two-dimensional plane and having 
the sufficiently small width (D = 0) is proportional to the solid angl with respect t th higher potential-side film portion 
5 31 becaus of the characteristics of the Green's function on the half-spac . When the snap of th higher potential- 
side film portion 31 is represented by A, and the solid angle from a point (x.y.z) on the half-spac where z > 0 with 
respect to the higher potential-side film portion 31 is represented by n A (x,y,z), the potential at that point is given by 
equation (9) below: 

10 V V 

Equation (9) V(x,y,z) = ^ Q A (x,yj) + z 

(When V a is 0, the potential sensed by electrons corresponds to the solid angle with respect to the higher potential- 
is side film portion, as shown in Fig. 7). The electric field is obtained by direction-differentiating this potential. Even for 
the non-zero fissure width, equation (9) holds with good approximation when the effective fissure width D is sufficiently 
smaller than x^ as is apparent from the above examination. 

Assuming that the fissure is formed on the X-Y plane where z = 0, and along the Y-axis where (x.y.z) = (0,y,0), it 
can be easily confirmed that equation (9) returns to equation (5). 
20 From the viewpoint of reduction of the negative gradient region, the relationship between equation (9) and the 

negative gradient region will be examined below. The negative gradient region can be understood as the dominant 
region of the revolving field formed by the electron-emitting device. More specifically, on the boundary line of the neg- 
ative gradient region, the Z-direction component of the revolving field balances the longitudinal field formed by the 
attracting electrode 33, and the revolving field is dominant in this region. Assuming that the potential of the lower 
25 potential-side film portion 32 is zero, the equipotential line (plane) of the value V f starts from the stagnation point (line) 
and becomes parallel to the X-Y plane at a position sufficiently separated from the fissure to the lower potentiakside 
film portion 32. When a region inside (on the side including the fissure) of the equipotential line (plane) of V f is called 
a device potential region, it can be easily understood that the negative gradient region is confined in the device potential 
region. This nature does not depend on whether or not the fissure is a linear fissure. 
30 Trie negative gradient region 36 can be made small by reducing the device potential region. Figs. 8A to 8D show 

actually formed characteristic potentials. Figs. 8A and 8C are plan views of device models, in which the corresponding 
higher potential-side film portion and tower potential-side film portion are represented by 31 and 32, respectively. Figs. 
8B and 8D show potential distributions corresponding to the linear and zigzag fissures shown in Figs. 8A and 8C, 
respectively, on the sections taken along the dotted lines in Figs. 8A and 8C. A negative gradient region 40 enclosed 
35 by a line becomes small. 

To reduce the device potential region, the area of the higher potential-side film portion 31 may be increased with 
respect to the orbits of electrons, as can be concluded from equation (9). However, in the conventional surface-con- 
duction electron-emitting device, the zigzag fissure is not controlled, and the electron-emitting portion is not controlled, 
either, so this idea has not been put into practical use. 
40 This will be described in more detail. For the descriptive convenience, the fissure in the conventional surface- 

conduction electron-emitting device is modeled. Examination will be made for a fissure as shown in Fig. 9A, in which 
partially linear portions of the fissure are periodically arranged. The longitudinal amplitude is about 10 urn, and the 
period is about 20 urn. The ratio of electrons emitted from the distal end of the higher potential-side film portion and 
reaching the attracting electrode is calculated by computer simulation. In Fig. 9B, the abscissa represents the position, 
45 and the ordinate represents the efficiency. The straight line parallel to the abscissa represents the calculation result 
for a linear fissure. For CXq above the fissure, when a portion where the solid angle with respect to the higher potential- 
side film portion exceeds it is present, a portion where the solid angle becomes smaller than it is simultaneously 
generated. Reflecting this fact, at some portions, the efficiency exceeds that for the linear fissure and, at some other 
portions, the efficiency is lower than that for the linear fissure, as shown in the graph of Fig. 9B. For this reason, when 
so portions where electrons are emitted are distributed along the fissure across the device portion, the average electron 
arrival ratio is almost the same as that for the linear fissure. When the amplitude and period are smaller than those for 
the zigzag fissure shown in Fig. 9A, the difference from the negative gradient region for the linear fissure effectively 
becomes small. The shape of the negative gradient region becomes closer to that for the linear fissure than that shown 
in Fig. 9A Therefore, it can be estimated that the effect of the small zigzag fissure be neglected. Actually, such an 
55 effect was obtained by numerical experiment based on simulation. 

As described above, when at least the amplitud of the zigzag fissur is r lativ ly small, th n gativ gradient 
region becomes small at some portions although th n gative gradient r gion simultaneously becom s large at some 
other portions. For this reason, for a simple zigzag fissur ,the ntire lectron arrival ratio and the fficiency cannot be 



9 



EP 0 805 472 A1 



improved. 

SUMMARY OF THE INVENTION 

5 It Is an object of the present inv ntfon to improve th ffici ncy as th ratio of th amount of a curr nt flowing 

through a surface-conduction electron-emitting device to the current amount of electrons arriving at an attracting elec- 
trode by controlling an electric field received by the electrons which have already been emitted from the device (into 
a vacuum). The purpose of this challenge is different from that of electric field control for extracting electrons from a 
substance. Therefore, a means for solving this problem is different at all in terms of idea, and its effect is also different 

10 at all. 

One of the factors dominating the efficiency is the size of the negative gradient region. As described above, the 
size of the negative gradient region depends on the shape of the negative gradient region. In the present invention, 
the negative gradient region is controlled by controlling the shape of the fissure and the position of the electron-emitting 
portion to solve the above problem. 
is More specifically, since the negative gradient region is small at portions projecting to the higher potential-side film 

portion side of the fissure, the distribution of electron-emitting portions is controlled such that only the projecting portions 
emit electrons. 

When electrons are selectively emitted from portions with a high electron arrival ratio, the average electron arrival 
ratio can increase, so that the efficiency can be made much higher, as will be described later in detail. 

20 The present invention is constituted to give a design guidance for increasing the efficiency. As is known, when a 

surface-conduction electron-emitting device is subjected to activation processing, and the electron-emitting portions 
along the fissure are averaged in a region along the fissure over a length of at least several tens nm to 100 nm and 
observed at a larger measure, the average distribution of electron-emitting portions is almost continuous and uniform 
along the fissure. The electron-emitting portions can be designed and constituted as a continuous line segment in the 

2S above sense by using the unique characteristics of the surface-conduction electron-emitting device. The present in- 
vention is constituted, by using this specific nature of the surface-conduction electron-emitting device, to give the design 
guidance for increasing the efficiency without decreasing the current amount at the attracting electrode. 

To reduce the negative gradient region, some variations in shape can be considered. To efficiently constitute the 
negative gradient region, the shape is limited to a periodical shape in the present invention. (This periodical shape can 

30 easily replace a general aperiodic shape). 

Various shapes will be described in the present invention, and these shapes include various shape parameters. 
Basically, the shapes have three parameters, i.e., a period € p , an amplitude € a , and a length (emission length) € e of an 
electron-emitting portion, as common factors. The roles of the three shape parameters will be explained on the basis 
of the typical shape of the present invention. 

ss Figs. 1 0A to 1 0D show the typical example of the present invention. Changes in efficiency and the current amount 

l e at the attracting electrode according to the parameters will be described on the basis of this example. Consequently 
parameter ranges for actualizing the effect are determined, and a guidance for designing and controlling the fissure 
shape is given such that the shape parameters fall within the ranges. With the fissure controlled according to the 
guidance, the challenge of the present invention can be achieved, i.e., the efficiency can be increased without decreas- 

40 ing the current amount l^ 

Fig. 1 0A is a plan view showing the simplest shape of the present invention. As shown in Fig. 10A, the fissure is 
artificially controlled and formed into a periodical rectangular shape constituted by line segments at 90\ In Fig. 10A, 
thick lines 38 represent electron-emitting portions. At the portions 38 of the fissure, electrons are emitted from the distal 
end portion of the higher potential-side film portion along the fissure. The remaining fissure portions are designed not 

45 to emit electrons by a certain technique. The length of the line segment of the isolated electron-emitting portion is 
represented by i e . The amplitude along the Y direction is represented by € a , as shown in Fig. 10A. The period of the 
periodical pattern is represented by l p . 

The dependency on t e will be examined first. Fig. 1 0B is a graph showing the dependencies on € e of the ratios of 
the efficiency and current amount l e at the attracting electrode for the zigzag fissure to those for a linear fissure, 

so which are observed when remaining parameters are fixed. As is apparent from Fig. 10B, as € e becomes small, the 
efficiency increases. However, in the surface-conduction electron-emitting device, the electron-emitting points contin- 
uously exist at a resolution of at least 100 nm. For this reason, when the length of the electron-emitting portion is 
reduced, the electron emission amount at the distal end of the higher potential-side film portion linearly decreases 
accordingly. The current amount l e has a peak as shown in Fig. 10B. (I e is proportional to the product of the efficiency 

ss and the length 

Fig. 10C shows th d pend ncy of fficiency on £ p which is observed when th p riod € p of the fissure shap is 
changed while fixing the r maining param ters. As £ e becomes large, the efficiency increases (monotonously increas- 
es). Simultaneously th dependency is found to converg . When th device length W 1 is fixed, an increase in p riod 
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is equivalent to reduction of the total electron-emitting portion length. Th r fore, an increase in € p causes a decreas 
in curr nt amount l e at the attracting electrod 12, as a practical probl m (l e is almost proportional to r\ and almost 
inversely proportional to € p ). Fig. 10C also shows the dependency of l e when the devic length is fixed. Therefor , 
€ p also has an optimum range d pending on the target effect, like € e . 

Fig. 10D shows th relationship b tween the amplitud € a ofth fissur and the ffici ncy. For this fissur shap , 
the amplitude is not related to the electron-emitting portion length. The dependency of l e on € a is present only on the 
basis of the efficiency t|, and l e is proportional to the efficiency r\. As € a increases, the efficiency monotonously increases. 
This dependency also converges to a certain value. In actually manufacturing the device, € a must be a finite length 
due to various reasons such as pitch of pixels and also has an optimum value, as a practical problem. 

The certain shape (Fig. 10A) has been examined above. These results sometimes largely change in values be- 
cause of the shape parameters which are complexly intertwined with each other, the potential V a of the attracting 
electrode, or the device voltage vy However, the above-described qualitative properties do not change. 

Similar examination can also be made for shapes shown in Figs. 11 A to 11 C. 

In the present invention, examination based on normally considerable conditions revealed that the parameters are 
preferably selected within the following ranges: 

5 urn <> t <, 80 urn 



1 ujn <, € e <, 40 u.m 
1 u.m <, i a Z 100 u.m 

25 

These parameters within the ranges make the total efficiency more than 1.2 times larger than that of the device 
having the linear fissure. 

Preferably, the characteristic length € a of the zigzag fissure is set to be almost equal to or larger than the scale ^ 
of the stagnation point. 

30 In the conventional zigzag fissure, the increase in efficiency of electron emission from the portions projecting to 

the higher potential side of the zigzag fissure cancels the decrease in electron-emitting efficiency from the concave 
portions. For this reason, the efficiency is not so different from that for a linear fissure. 

However, this does not apply to a case wherein the amplitude € a is sufficiently large. As shown in Figs. 12A and 
12B, assume that a controlled fissure is formed, and electrons are emitted from the entire region of the fissure. When 

35 the electron-emitting efficiency per unit length is referred to as an efficiency density, the distribution of the efficiency 
density can be defined along the line element of the fissure. When the amplitude i a becomes large, the efficiency 
density at the projecting portion (corresponding to the portion 38 in Fig. 12) nonlinearly increases with respect to* a . 
At the concave portion (corresponding to the portion 39 in Fig. 12A), the efficiency density has a lower limit value 
because it is a nonnegative function. When € a is small, these efficiency densities can be linearized near € a = 0. For 

40 the zigzag fissure in the conventional surface-conduction electron-emitting device, the integral value obtained by in- 
tegrating the efficiency densities with respect to the emission portion along the fissure, i.e., the (total) efficiency in this 
system is almost the same as that for the linear fissure. However, when € a is increased, the electron-emitting efficiency 
density at the projecting portion increases, so that the integral value (total efficiency) across the entire region becomes 
larger than that for the linear fissure in some cases. The efficiency density largely depends on the shape of the fissure 

45 and can be obtained as the integral value of a distribution function. (Assume that the efficiency density is very high at 
a portion in a region. Even in this case, as tong as the measure is small, and the efficiency density in another region 
is much lower than that for the linear fissure, the total efficiency becomes tower than that for the linear fissure). However, 
numerical experiments revealed that, even when a continuous electron-emitting portion is formed, the electron-emitting 
efficiency can be increased for the shapes shown in Figs. 11 A to 11 C. As a result of examination, the parameters are 

so preferably selected within the following ranges. In this case, € e represents the length of a portion projecting to the 
higher potential side of the insulated region: 

5 ujti £ € p £ 80 urn 

55 

1 ujn <, € e <, 20 urn 
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5u,m£€ a £100u.m 

s V a /H<;0.5X 10 6 [V/m] 

The limitation of the electric field VJH is owing to the fact that for larger value of Vj/H, the efficiency density at the 
protruding portion does not increase enough and then the total efficiency does not become greater than that of the 
device having the linear fissure. 

10 It is therefore an object of the present invention to provide an electron-emitting apparatus using a surface-conduc- 

tion electron-emitting device having a fissure in a controlled shape and a controlled electron-emitting portion on the 
basis of the above design idea. 

According to a first aspect of the present invention, there is provided an electron-emitting apparatus constituted 
by an electron-emitting device having an electroconductive film which includes electron-emitting portions, and an elec- 

is trode for attracting electrons whose potential is higher than that of the electroconductive film by V a and whose distance 
from the film is H, 

wherein an electrically insulated elongated region is formed in the electroconductive film to divide the electro- 
conductive film into a higher potential side and a lower potential side so that a potential difference V f may be formed, 
the insulated region having a width D within the region (VfH/V a D) » 1 and having a substantially periodical shape 

20 formed of portions projecting to the higher potential side and portions projecting to the lower potential side, and con- 
tinuous electron-emitting portions, preferably alternating with portions where no electrons are emitted, are present at 
at least part of the portion projecting to the higher potential side in one period of the insulated region. Preferably a 
length € e of the electron-emitting portion included in one period of the insulated region, a period € p of the insulated 
region, and a zigzag distance € a between the portion projecting to the higher potential side and the portion projecting 

25 to the lower potential side in the insulated region fall within the following ranges: 

5 |im <> € p £ 80 u.m 

30 1 u/n <, i e £ 40 u.m 

1 u,m £ € a <> 100 \in\ 

35 

In addition to the above conditions, according to the present invention, there is also provided an electron-emitting 
apparatus, wherein the electron-emitting device having the electroconductive film which includes the electron-emitting 
portions further comprises a pair of opposing device electrodes, a portion on the higher potential side and a portion 
on the lower potential side of the electroconductive film are electrically connected to the device electrodes, respectively 
40 and a region sandwiched by the device electrodes has a periodical shape formed of portions projecting to the higher 
potential side and portions projecting to the lower potential side, and the electroconductive film mainly exists at the 
portions projecting to the higher potential side in the region sandwiched by the device electrodes. 

According to the present invention, carbon and/or a carbon compound may be present on and near the electron- 
emitting portion. 

45 According to the present invention, the electron-emitting device may be a surface-conduction electron-emitting 

device. 

According to a second aspect of the present invention, there is provided an electron-emitting apparatus constituted 
by an electron-emitting device having an electroconductive film which includes electron-emitting portions, and an elec- 
trode for attracting electrons, 

so wherein an electrically insulated elongated region is formed in the electroconductive film to divide the electro- 

conductive film into a higher potential side and a lower potential side, the insulated region having a substantially peri- 
odical shape formed of portions projecting to the higher potential side and portions projecting to the tower potential 
side, a continuous linear electron-emitting portion is formed in the insulated region, and a length € e of the portion 
projecting to the higher potential side included in one period of the insulated region, a period € p of the insulated region, 

55 and a zigzag distance € a between the portion projecting to the higher potential side and the portion projecting to the 
lower potential sid inth insulated region fall within th following ranges: 
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5 urn <, t p £ 80 u,m 

^ 1 urn £ € e £ 20 u,m 

5iim£€ a £100nm 

70 and a potential difference V a between the attracting electrode and the electroconductive film of tower potential side 
and a distance between the attracting electrode and the electron-emitting device satisfy the following relation: 

VJH £ 0.5 X 10 6 [V/m]. 

According to the present invention, there is also provided an electron-emitting apparatus, wherein the electron- 
emitting device having the electroconductive film which partially includes the electron-emitting portion further comprises 
a pair of opposing device electrodes, a portion on the higher potential side and a portion on the lower potential side of 
the electroconductive film are electrically connected to the device electrodes, respectively, and a region sandwiched 
by the device electrodes has a periodical shape formed of portions projecting to the higher potential side and portions 
projecting to the lower potential side, and the electroconductive film exists in the region sandwiched by the device 
electrodes. 

According to the present invention, carbon and/or a carbon compound may be present on and near the electron- 
emitting portion. 

According to the present invention, the electron-emitting device may be a surface-conduction electron-emitting 
device. 

According to a third aspect of the present invention, there is provided an electron-emitting apparatus comprising: 

an electron source in which a plurality of electron-emitting devices are arranged on a substrate, the elect ron- 
30 emitting device constituting the above electron-emitting apparatus; and 

an electrode for attracting electrons. 

According to the present invention, wires electrically connected to the electron-emitting devices may be formed in 
a matrix in the electron source. 

According to the present invention, wires electrically connected to the electron-emitting devices may be formed in 
a ladder-shape in the electron source. 

According to a fourth aspect of the present invention, there is provided an image^orming apparatus having an 
arrangement of the above electron-emitting apparatus, 

wherein the attracting electrode emits light upon irradiation of an electron beam emitted from the electron source 
to form an image. 

According to a fifth aspect of the present invention, there is provided a method of manufacturing an electron- 
emitting apparatus described at the beginning of the summary, comprising the steps of: 

removing part of the electroconductive film by any one of micropatterning technique of focused ton beam, laser 
45 processing, and photolithography to form a portion other than the electron-emitting portion in the insulated region; 

and 

applying a voltage to the electroconductive film to flow a current, thereby forming the electron-emitting portion. 
BRIEF DESCRIPTION OF THE DRAWINGS 

SO 

Figs. 1 A and 1B are views showing the basic structure of a conventional surface-conduction electron-emitting 
device; 

Fig. 2 is an explanatory view of an electron-emitting apparatus using the conventional surface-conduction electron- 
emitting device; 

ss Figs. 3A, 3B and 3C are views for explaining a method of manufacturing the conventional surface-conduction 

lectron- mittingdevic ; 

Fig. 4 is a graph showing the curr nt charact ristics of th lectron-emitting apparatus using the conventional 
surface-conduction electron-emitting device; 
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Figs. 5A, 5B and 5C ar views showing the characteristic pot ntial distributions in the electron-emitting apparatus 
using the conventional surfac -conduction lectron- mitting devic ; 

Fig. 6 is a perspectiv view showingthe characteristic potential distribution in the lectron-emrtting apparatus using 
th conventional surface-conduction lectron-emitting device; 
5 Fig. 7 is an xplanatory view of the pot ntial distribution with r specttoapot ntial d signation boundary binariz d 

in a plane; 

Figs. 8A, 8B, BC and 8D are views showing the characteristic potential distributions in the electron-emitting appa- 
ratus using surface-conduction electron-emitting devices having a linear fissure and a zigzag fissure; 
Figs. 9A and 9B are explanatory views of the effect of the zigzag fissure in the conventional device; 
10 Figs. 10A, 10B, 10C and 10D are views showing the dependency of a controlled zigzag fissure on parameters; 

Figs. 11 A, 11 B and 11 C are views showing examples of special zigzag fissures; 
Figs. 12A and 12B are views showing the dependency of the controlled zigzag fissure on € a ; 
Figs. 13A and 13B are views showing the basic structure of a surface-conduction electron-emitting device of the 
present invention; 

is Figs. 14A, 14B and 14C are sectional views for explaining a method of manufacturing the surface-conduction 

electron-emitting device of the present invention; 

Figs. 15A, 15B, 15C and 15D are views showing examples of the surface-conduction electron-emitting device of 
the present invention; 

Fig. 16 is an explanatory view of an electron-emitting apparatus using the surface-conduction electron-emitting 
20 device of the present invention; 

Fig. 17 is a partial plan view showing the structure of an electron source having a matrix array of the present 
invention; 

Fig. 18 is a sectional view showing the structure taken along a line 18-18 in Fig. 17; 

Figs. 19A, 19B, 19C, 19D, 19E, 19F, 19G and 19H are sectional views for explaining a method of manufacturing 
25 the electron source having the matrix array of the present invention; 

Fig. 20 is a perspective view showing the structure of an image-forming apparatus using the electron source having 
the matrix array of the present invention; 

Fig. 21 is a schematic view showing wiring for the activation processing in manufacturing the electron source 
having the matrix array of the present invention and the image-forming apparatus; 
30 Fig. 22 is a block diagram showing an image display system using the image-forming apparatus of the present 

invention; 

Figs. 23A and 23B are views for explaining an example of the surface-conduction electron-emitting device of the 
present invention; 

Figs. 24A, 24B and 24C are views for explaining an example of the method of manufacturing the surface-conduction 
35 electron-emitting device of the present invention; 

Fig. 25 is a graph showing the current characteristics of the electron-emitting apparatus using the surface-con- 
duction electron-emitting device of the present invention; 

Figs. 26 and 27 are views for explaining an example of the method of manufacturing the surface-conduction elec- 
tron-emitting device of the present invention; and 
40 Figs. 28A and 28B are views for explaining examples of the surface-conduction electron-emitting device of the 

present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

45 The present invention will be described in more detail by way of its examples. 

(Example 1) 

An electron-emitting device of this example has the same structure as that shown in Figs. 1 A and 1 B of the prior 
so art. However, the fissure 5006 which is not controlled in the prior art is controlled in the present invention to obtain a 
fissure 6 as shown in Figs. 13A and 13B. A method of manufacturing the electron-emitting device of the present in- 
vention will be described with reference to Figs. 14A to 14C. 

Step-a 

55 

A Ti film having a thickness of 5 nm and a Pt film having a thickness of 30 nm w re sequentially formed by vacuum 
deposition on a quartz substrate 1 cleaned with a deterg nt, pure water, and an organic solv nt. A photoresist (AZ1 370; 
availabl from Hoechst) was applied and baked to form a resist lay r. Exposure and developm nt wer p rformed 



14 



EP 0 805 472 A1 



using a photomask to form the resist pattern of d vice lectrodes 2 and 3. Th unnecessary portions of the Pi/Ti film 
w rer moved by wet etching. Finally, th resist pattern was r moved by an organic solv nttoformth device lectrodes 
2 and 3 An interval L1 between the device lectrodes was 20 uxn, and an electrode length W2 was 300 urn (Fig. 14A). 



5 Step-b 

A Cr film (not shown) having a thickness of 50 nm was deposited by vacuum deposition. An opening portion 
conforming to an electroconductive film is formed by the conventional photolithography to form a Cr mask. 

The solution of an organic Pd compound (CCP-4230; available from Okuno Seiyaku K.K.) was applied, heated 
10 and baked at 310°C in an atmosphere to form a thin film formed of fine particles whose principal ingredient was pal- 
ladium oxide (PdO). The Cr mask was removed by wet etching and lifted off to form an electroconductive film 7 having 
a desired pattern. A resistance value Rs of the electroconductive film was 4.0 X 10 4 QA3 (Fig. 14B). 



Step-c 

15 

The device was set in a focused ion beam processing apparatus (FIB), and a desired portion of the electrocon- 
ductive film was removed by sputtering using the FIB, thereby forming an insulated region having a shape shown in 
Fig 1 5A. In this case, € e was 5 u/n, € p was 9 ujti, and € a was 10 urn. 

The width of the insulated region was 40 nm at portions (portions indicated by thick lines in Fig. 15A) projecting 
20 to the higher potential side and 1 pm at other portions (portions indicated by thin lines in Fig. 15A). This is because 
only the portions projecting to the higher potential side are used as electron-emitting portions. 



Step-d 

25 The device was set in a vacuum processing apparatus shown in Fig. 1 6, and activation processing was performed. 

The structure shown in Fig. 16 is the same as that shown in Fig. 2 of the prior art. 

Afteravacuum unit 16 was temporarily evacuated to a high vacuum by a vacuum pump 15, n-hexane was supplied, 
and the pressure was set to be 2.7 x 10-2 Pa A pulse voltage was applied across the device electrodes 2 and 3 to 
perform activation processing. At this time, a rectangular pulse was used. A pulse width T1 was 500 usee, a pulse 

30 interval T2 was 10 msec, and the peak value was gradually increased from 10 V up to 18 V at a rate of 0.2 VTmin. 



Step-e 



Supply of n-hexane was stopped. The vacuum unit 1 6 was evacuated by the vacuum pump 15 while heating the 
entire vacuum unit 16 to about 200*C. The pressure lowered to 4.2 X 1(H Pa after 24 hours. When the device was 
observed with a scanning electron microscope, a deposit was observed on and around the electron-emitting portions 
after step-d. From the finding about the conventional surface«»nduction electron-emitting device, this deposit seems 
to be carbon and/or a carbon compound. 



40 (Comparative Example 1 ) 

After the same processes as in step-a and step-b of Example 1 were performed, energization forming was per- 
formed to form the electron-emitting portions. 



45 Step-c' 

The device was set in the vacuum processing apparatus shown in Fig. 1 6, and the vacuum vessel was evacuated 
by the vacuum pump 15, and the pressure was lowered to 2.0 x 10* Pa or less. 

A pulse voltage was applied across the device electrodes 2 and 3. The pulse was a triangular pulse. A pulse width 
so T1 was 1 msec, and a pulse interval T2 was 1 0 msec. The pulse peak value was gradually increased from 0. 1 V at a 
rate of 1 V/min. When the peak value reached 5 V, energization forming was ended because the device current abruptly 
decreased 

Thereafter, the same processes as in step-d and step-e as in Example 1 were performed. 
The electron-emitting characteristics of the devices of Example 1 and Comparative Example 1 were measured by 
55 the apparatus shown in Fig. 16. A rectangular pulse having a pulse width T1 of 100 usee, a pulse interval T2 of 10 
msec and a pulse peak value of 1 7 V was applied to the devices. A distance H between the device and the attracting 
electrode was 4 mm, and th potential of the attracting lectrode was 1 kV Table 1 shows the results. Note that i\ 
represents the lectron-emitting fficiency (l«/1 f ). 
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Table 1 







If(mA) 


U(mA) 


n(%) 


5 


Example 1 


1.2 


2.9 


0.24 




Comparative Example 1 


2.0 


2.2 


0.11 



(Comparative Example 2) 

10 An electroconductive film of fine PdO particles was formed by step-a and step-b, as in Example 1 . 

Step-c 

A linear insulated region was formed by a focused ion beam apparatus. At this time, portions each having a length 
is of 5 um and a width of 40 nm were alternated with portions each having a width of 1 um. The pitch was 9 urn. That is, 
the parameter € a of the device of Example 1 is set to be 0. 

A device was prepared following the same procedures as in Example 1 except the above point, and the charac- 
teristics were measured. 

The result was l f - 11 mA, l e = 1 .1 pA, and r\ = 0.10%. 

20 

(Example 2) 

A device was prepared following the same procedures as in Example 1 except that the insulated region was formed 
into the shape shown in Fig. 1 5A, t e was 5 um, € p was 9 um, and t a was 5 urn. 

25 

(Example 3) 

A device was prepared following the same procedures as in Example 1 except that the insulated region was formed 
into the shape shown in Fig. 1 5A, € e was 5 um, € p was 9 um, and £ & was 2 um. 
30 The electron-emitting characteristics of the devices were measured by the same method as in Example 1 . Table 

2 shows the results. 



Table 2 





If(mA) 


le(M*) 


n(%) 


Example 1 


1.2 


2.9 


0.24 


Example 2 


1.2 


2.0 


0.17 


Example 3 


1.1 


1.4 


0.13 



40 (Example 4) 

A device was prepared following the same procedures as in Example 1 except that the insulated region was formed 
into the shape shown in Fig. 15A, € e was 10 um, € p was 24 um, and € a was 5 um. 

45 (Example 5) 

A device was prepared following the same procedures as in Example 1 except that the insulated region was formed 
into the shape shown in Fig. 1 5A, t e was 20 um, € p was 44 um, and € a was 5 um. 

The electron-emitting characteristics of the devices of Examples 4 and 5 were measured under the same conditions 
so as in Example 1 . Table 3 shows the results. 



Table 3 







l f (mA) 


l e (uA) 


n(%) 


55 


Example 4 


1.2 


1.8 


0.15 


Example 5 


1.2 


1.6 


0.13 
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(Example 6) 

A device was prepared following the same procedures as in Example 1 except that the insulated r gion was formed 
into the shap shown in Fig. 1 5A, and t e was 2 urn, € p was 7 um, and € a was 20 um 

5 

(Comparative Example 3) 

A device was prepared following the same procedures as in Example 1 except that the parameter € p in Example 
6 was 4 um. 

10 

(Example 7) 

In Example 7 as well, a device was prepared following the same procedures as in Example 1 except that the 
insulated region patterned in step-c had a shape shown in Fig. 15B. The width of the insulated region was 40 nm at 
is portions (portions indicated by thick lines in Fig. 1 5B) projecting to the higher potential side and 1 um at other portions 
(portions indicated by thin lines in Fig. 15B). This is because only the portions projecting to the higher potential side 
are used as electron-emitting portions. 

(Example 8) 

20 

A device was prepared following the same procedures as in Example 6 except that the insulated region was formed 
into the shape shown in Fig. 15C. 

(Example 9) 

A device was prepared following the same procedures as in Example 6 except that the insulated region was formed 
into the shape shown in Fig. 1 5D. 

The electron-emitting characteristics of the above devices were measured. The peak value of the applied pulse 
voltage was 17 V. The remaining conditions were the same as those in Example 1 . Table 4 shows the results. 



Table 4 





If(mA) 


l e (MA) 


n(%) 


Example 6 


1.0 


6.5 


0.65 


Example 7 


1.0 


6.7 


0.67 


Example 8 


1.2 


6.1 


0.51 


Example 9 


1.1 


5.1 


0.46 


Comparative Example 3 


1.8 


2.0 


0.11 



40 (Example 10) 

In this example, a lot of electron-emitting devices are arrayed in a simple matrix to form an electron source. Fig. 
17 is a plan view of part of the electron source. Fig. 18 is a sectional view taken along a line 18-18 in Fig. 17. 

The electron source includes a substrate 1, X-directtonal wires (also referred to as tower wires) 72, Y-directional 
45 wires (also referred to as upper wires) 73, device electrodes 2 and 3, electroconductive films 4 and 5, an insulating 
interlayer 61 , and contact notes 62 for electrically connecting the positive device electrodes 2 to the lower wires 72. 

A manufacturing method will be described below in detail with reference to Figs. 1 9A to 19H. 

Step-A (Fig. 19A) 

50 

A silicon oxide film having a thickness of 0.5 um was formed on a cleaned soda-lime glass by sputtering to prepare 
the substrate 1 . Cr having a thickness of 5 nm and Au having a thickness of 600 nm were sequentially formed on the 
substrate 1 by vacuum deposition. A photoresist (AZ1 370; available from Hoechst) was rotatably applied by a spinner 
and baked. Thereafter, the photomask image was exposed and developed to form the lower wires 72. The Au/Cr film 
55 was wet-etched to form the tower wires 72 having a desired shape. 
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Step-B (Fig. 19B) 

The insulating interlayer 61 formed of a silicon oxide film having a thickn ss of 1 .0 um was deposited by sputtering. 
5 Step-C(Fig. 19C) 

A photoresist pattern for forming the contact holes 62 was formed on the silicon oxide film deposited in step-B. 
The insulating intertayer 61 was etched using the photoresist pattern as a mask to form the contact holes 62. Etching 
was performed by RIE (Reactive Ion Etching) using CF 4 and Hfe gases. 

10 

Step-D (Fig. 19D) 

A pattern for forming the device electrodes 2 and device electrode gaps G was formed with a photoresist (RD- 
2000N-41 ; available from Hitachi Chemical., Ltd.) A Ti film having a thickness of 5 nm and an Ni film having a thickness 
is of 1 00 nm were sequentially deposited by vacuum deposition. The photoresist was dissolved by an organic solvent. 
The Ni/Ti layer was lifted off to form the device electrodes 2 and 3 having a device electrode interval L1 of 20 urn and 
an electrode length W2 of 300 urn. 

Step-E (Fig. 19E) 

20 

A photoresist pattern of the upper wires 73 was formed on the device electrodes 2 and 3. A 71 film having a thickness 
of 5 nm and an Au film having a thickness of 500 nm were sequentially deposited by vacuum deposition. The unnec- 
essary portions were removed by lift-off to form the upper wires 73 having a desired shape. 

25 step-F (Fig. 19F) 

A Cr film 63 having a thickness of 30 nm was deposited by vacuum deposition and patterned to form openings 
corresponding to the shape of an electroconductrve film 7. 

The solution of an organic Pd compound (CCP^230; available from Okuno Seiyaku K.K.) was rotatably applied 
30 to the Cr film by a spinner, and a heating and baking treatment is performed at 300°C for 12 minutes to form the 
electroconductrve film 7 formed of fine PdO particles. The thickness of the electroconductive film 7 was 70 nm. 

Step-G (Fig. 19G) 

35 The Cr film 63 was wet-etched using an etchant and removed together with the unnecessary portions of the elec- 

troconductive film 7 formed of the fine PdO particles, thereby forming the electroconductive film 7 having a desired 
shape. The resistance value Rs was about 4 x 1 0 4 Q/O . 

Step-H (Fig. 19H) 

40 

A resist pattern was formed in regions excluding the contact holes 62. A Ti film having a thickness of 5 nm and an 
Au film having a thickness of 500 nm were sequentially deposited by vacuum deposition. The unnecessary portions 
were removed by lift-off to bury the contact holes 62. 

45 Step-I 

The electron source substrate was set in an FIB processing apparatus to form an insulated region on the electro- 
conductive films of the respective electron-emitting devices on the substrate, as in Example 1 . 

An image-forming apparatus using the electron source will be described with reference to Fig. 20. 

so An electron source substrate 71 was fixed on a rear plate 81 . A face plate 86 (the face plate 86 is constituted by 

forming a phosphor film 84 and a metal back 85 on the inner surface of a glass substrate 83) was arranged at a portion 
5 mm above the substrate 1 through a supporting frame 82. Frit glass was applied to the junction portions between 
the face plate 86, the supporting frame 82, and the rear plate 81 . The resultant structure was baked in the atmosphere 
at 400°C for about 10 minutes to effect sealing. The substrate 71 was also fixed to the rear plate 81 with frit glass. 

ss Referring to Fig. 20, the electron source includes electron-emitting devices 74, and the X- and Y-directional device 
wires 72 and 73. 

In case of a monochromatic display, th phosphor film 84 consists of only a phosphor. In this example, however, 
striped phosphors w reemployed. First, black stripes were formed, and phosphors of the respective colors wer applied 
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to the gap portions between the black stripes to form the phosphor film 84. A mat rial containing, as its principal 
component, popular graphit was used for th black stripes. A slurry m thod was used as a method of applying the 
phosphors to the glass substrate 83. 

The metal back 85 is normally formed on the inner surfac side of th phosphor film 84. The metal back was formed 
5 by depositing Al aft r th phosphor film was manufactured and performing a smoothing proc ss (normally referred to 
as a filming" process) for the inner surface of the phosphor film. 

To increase the conductivity of the phosphor film 84, a transparent electrode (not shown) may be formed on the 
outer surface side of the phosphor film 84 of the face plate 86. In this example, however, the transparent electrode 
was omitted because a sufficient conductivity was obtained only with the metal back. 
10 In the above-described sealing processing, sufficient alignment was performed because the phosphors of the 

respective colors must be made to correspond to the electron-emitting devices in case of a color display. 

The glass container of the image-forming apparatus completed in the above manner was evacuated by a vacuum 
pump through an exhaust tube (not shown) to about 10 4 Pa. Thereafter, n-hexane was supplied, and the pressure in 
the container was set to be 2.7 X 10r 2 Pa As shown in Fig. 21 , the Y-directional wires were commonly connected, and 
is activation processing was performed in units of lines. The apparatus includes a common electrode 68 to which the Y- 
directional wires 73 are commonly connected, a power supply 65, a current measurement resistor 66, and an oscillo- 
scope 67 for monitoring the current. 

The applied pulse voltage is the same as in Example 1. After completion of activation processing, supply of n- 
hexane was stopped. The exhaust unit was switched to the ion pump to evacuate the glass container to a pressure of 
20 4.2 X 1 0" 5 Pa while heating the entire glass container by a heater. 

In this example, the wires were arrayed in a matrix. However, even when a ladder-shaped array is used, and a 
grid electrode for modulation is arranged, an apparatus having the same function as described above can be formed. 

The matrix was driven to confirm that the display function normally functioned, and the characteristics were stable. 
Thereafter, the exhaust tube (not shown) was heated by a gas burner to seal the exhaust tube, thereby completely 
25 sealing the vacuum vessel. Finally, to maintain the degree of vacuum after sealing, a getter treatment was performed 
by a high-frequency heating method. 

In the resultant image-forming apparatus of the present invention, scanning signals and modulation signals were 
applied from a signal generation means (not shown) to the respective electron-emitting devices through external ter- 
minals Dox1 to Doxm and external terminals Doy 1 to Doyn to cause the electron-emitting devices to emit electrons. A 
30 high voltage of 5.0 kV was applied to the metal back 85 or a transparent electrode (not shown) through a high-voltage 
terminal Hv to accelerate the electron beam and bombard the phosphor film 84 with the electron beam, thereby exciting 
the phosphor film 84 and causing the phosphor film 84 to emit light. With this operation, an image was displayed. 

Fig. 22 is a block diagram showing an example of a display apparatus which can display image information supplied 
from various image information sources represented by TV broadcasting on the image-torming apparatus (display 
35 panel) of Example 1 0 The display apparatus includes a display panel 1 30, a driver 1 31 for the display panel, a display 
panel controller 132, a multiplexer 133, a decoder 134, an input/output interface 135, a CPU 136, an image generator 
137, image memory interfaces 138, 139, and 140, an image input interface 141, TV signal receivers 142 and 143, and 
an input unit 144. (When the display apparatus receives a signal such as a TV signal including both video information 
and audio information, video images and sound are reproduced simultaneously, as a matter of course. A description 
40 of circuits and speakers which are associated with reception, separation, processing, and storage of audio information 
will be omitted because these components are not directly related to the feature of the present invention). 

The functions of the respective components will be described below in accordance with the flow of an image signal. 
The TV signal receiver 143 is a circuit for receiving TV signals transmitted via a radio transmission system such 
as electric wave transmission or space optical communication. The standards of the TV signals to be received are not 
45 particularly limited, and any one of the NTSC, PAL, and SECAM standards may be used. In addition, a TV signal 
comprising a larger number of scanning lines (e.g., so-called high-definition TV represented by the MUSE standard) 
is a preferable signal source for utilizing the advantageous features of the display panel applicable to a large display 
screen and numerous pixels. The TV signal received by the TV signal receiver 143 is output to the decoder 1 34. 
The TV signal receiver 142 is a circuit for receiving TV signals transmitted via a cable transmission system such 
50 as a coaxial cable system or an optical fiber system. Like the TV signal receiver 1 43, the standards of the TV signals 
to be received are not particularly limited. The TV signal received by the TV signal receiver 142 is also output to the 
decoder 134. 

The image input interface 141 is a circuit for receiving an image signal supplied from an image input device such 
as a TV camera or an image reading scanner. The received image signal is output to the decoder 134. 
ss The image memory interface 140 is a circuit for receiving an image signal stored in a video tape recorder (to be 

abbreviated to a VTR h reinafter). Th rec ived image signal is utputtoth decoder 134. 

The image memory interfac 139 is a circuit for receiving an image signal stored in a video disk. The received 
image signal is output to th decod r134. 
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Th imag memory interface 1 38 is a circuit for receiving an image signal from a device such as a still image disk 
which stor s still imag data. The received still imag data is input to th decoder 1 34. 

The input/output interf ac 1 35 is a circuit for connecting the display apparatus to an external computer, a comput r 
network or an output devic such as a printer. The input/output interfac 135 not only inputs/outputs 
charact r/graphic information but also can input/output contr I signals or num rical data betw n the CPU 136 of the 
display apparatus and an external device, as needed. 

The image generator 137 is a circuit for generating display image data on the basis of image data or character/ 
graphic information externally input through the input/output interface 1 35 or image data or character/graphic informa- 
tion output from the CPU 136. The image generator 137 incorporates circuits necessary for generating .mage data 
including a programmable memory for storing image data or character/graphic information, a read only memory wh.ch 
stores image patterns corresponding to character codes, and a processor for performing image processing^ 

The display image data generated by the image generator 137 is output tothe decoder 134. However, the display 
imaqedata can be outputtoan external computer networkoraprinterthrough the input/output interf ace 1 35, as needed. 

The CPU 136 mainly performs an operation associated with operation control of the display apparatus, and gen- 
eration, selection, and editing of a display image. 

For example, a control signal is output to the multiplexer 1 33, thereby appropnately selecting or combining image 
signals to be displayed on the display panel. At this time, a control signal is generated to the display panel contro Her 
132 in accordance with the image signal to be displayed, thereby appropriately controlling the operation of the display 
apparatus, including the frame display frequency. Ihe scanning method (e.g., interlaced scanning or non-interlaced 
scanning), and the number of scanning lines in one frame. 

In addition the CPU 136 directly outputs image data or character/graphic information tothe image generator 137, 
or accesses an external computer or memory through the input/output interface 135 to input image data or character/ 

^^eCF^Smay operate for other purposes. For example, the CPU 136 may be directly associated with a function 
of generating w processing inlorniation, li^^ 

the CPU 136 may be connected to an external computer network through the input/output interface 1 35 to cooperate 
with the external device in, e.g., numerical calculation. . 

The input unit 144 is used by the user to input instructions, program, or data to the CPU 136. In addition to a 
keyboard and a mouse, various input devices such as a joy stick, a bar-code reader, or a speech recognition device 
can be used. 

The decoder 1 34 is a circuit for decoding various image signals input from the circuits 1 37 to 1 43 into wreeprimary 
color signals, or a luminance signal and I and Q signals. As indicated by a dotted line in Fig. 22. the decoder 134 
preferably incorporates an image memory such that TV signals such as MUSE signals which require an image memory 
for decoding can be processed. An image memory facilitates display of a still image. In addition, the image memory 
enables facilitation of image processing including thinning, interpolation, enlargement, reduction, and synthesizing, 
and editing of image data in cooperation with the image generator 137 and the CPU 136. mt ,~ 

The multiplexer 1 33 appropriately selects a display image on the basis of a control signal input from the CPU 136. 
More specifically, the multiplexer 133 selects a desired image signal from the decoded image signals input from the 
decoder 134 and outputs the selected image signal to the driver 131. In this case, the multiplexer 133 can realize so- 
called mufti window television, where the screen is divided into a plurality of areas to display a plurality of images in the 
respective areas, by selectively switching image signals within a display period for one frame. 

The display panel controller 1 32 is a circuit for controlling the operation of the driver 1 31 on the basis of a control 
signal input from the CPU 136. • «,« 

For the basic operation of the display panel, the display panel controller 132 outputs a signal for controlling the 
operation sequence of the driving power supply (not shown) of Ihe display panel to the driver 131 

For the method of driving the display panel, the display panel controller 132 outputs a signal for controlling ttie 
frame display frequency orthe scanning method (e.g., interlaced scanning or non-interiaced scanning) tolhednver131. 

The display panel controller 1 32 outputs a control signal associated with adjustment of the image quality including 
the luminance, contrast, color tone, and sharpness of a display image to the driver 131, as needed. 

The driver 1 31 is a circuit for generating a driving signal to be supplied to the display panel 1 30. The display panel 
1 30 operates on the basis of an image signal input from the multiplexer 1 33 and a control signal input from the display 

panel controller 132. , 

The functions of the respective components have been described above. The display apparatus having the ar- 
rangement shown in Fig. 22 can display image information input from various image information sources on the display 
panel 130 More specifically, various image signals including TV broadcasting signals are subjected to decoding by 
the decoder 1 34 appropriately selected by the mu Itiplexer 1 33. and input to the driver 1 31 . The display panel controller 
1 32 generates a control signal for controlling the operation of th driver 1 31 in accordance with the imag signal to be 
display d The driv r 1 31 supplies a driving signal to th display pan 1 1 30 on the basis of th image signal and th 
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control signal. With this operation, an image is displayed on the display pan M30.Th series of operations ar integrally 
controlled by th CPU 136. 

This display apparatus not only displays imag data selected from image information from th image memory 
incorporated in the decod r1 34 or the image g nerator 137 but also can perform, for image information to b displayed, 

s image processing including enlargement, reduction, rotation, mov m nt, edg emphasis, thinning, interpolation, color 
conversion, and aspect ratio conversion, and image editing including synthesizing, deletion, combining, replacement, 
and pasting. Though not particularly referred to in the description of this example, circuits dedicated to processing and 
editing of audio information may be arranged, as for image processing and image editing. 

The display apparatus can realize functions of various devices, e.g., a TV broadcasting display device, a telecon- 

10 f erence terminal device, an image edit device for still and moving images, an office terminal device such as a computer 
terminal or a wordprocessor, a game machine, and the like. Therefore, the display apparatus has a wide application 
range for industrial and private use. 

Fig. 22 only shows an example of the arrangement of the display apparatus using the display panel in which the 
electron-emitting devices are used as an electron beam source, and the arrangement of the display apparatus is not 

is limited to this, as a matter of course. For example, of the constituent elements shown in Fig. 22, circuits associated 
with functions unnecessary for the application purpose can be omitted. Reversely, constituent elements can be added 
in accordance with the application purpose. When this display apparatus is to be used as a visual telephone, preferably 
a TV camera, a microphone, an illumination device, a transmission/reception circuit including a modem may be added. 

20 (Example 11) 

An image-forming apparatus was prepared following the same procedures as in Example 10 except that the insu- 
lated region formed in step-l had the same shape as in Example 7. 

As a result, a satisfactory image display apparatus could be obtained, as in Example 10. 

25 

(Example 12) 

An electron-emitting device of this example has a structure shown in Figs. 23A and 23B. Fig. 23A is a plan view, 
and Fig. 23B is a sectional view. The electron-emitting device includes a substrate 1 , device electrodes 1 202 and 1 203, 
30 electroconductive films 1204 and 1205, and a fissure 1206, i.e., an electron-emitting portion. An electrode gap width 
G is uniform. Note that € e , and t a are defined along the central line of the electrode gap. In this example, the fissure 
1206 is formed by energization forming. For this reason, the fissure 1206 is not always formed along the central line. 
In addition, the fissures 1206 of the respective patterns do not always have the same shape. 

A method of manufacturing the electron-emitting device of this example will be described with reference to Figs. 
35 24A to 24C and Figs. 14A to 14C. The manufacturing method is basically the same as that of the prbr art. Points 
different from the prior art will be described below in detail. 

Step-a 

40 The device electrodes 1 202 and 1 203 having a shape shown in Fig. 24A were formed from an Ni (1 00 nm/Ti (5 

nm) film on the substrate 1 consisting of a silicon oxide film (0.5 um)/soda-lime glass by lift-off. In this example, € e was 
1 0 um, € p was 20 urn, € a was 50 urn, and G was 5 urn. 

Step-b and Step-c 

45 

An electroconductive film 7 having a shape shown in Fig. 24B and formed at a position shown in Fig. 24B was 
formed from a fine Pd oxide particle film (10 nm) by the same method as in the prior art In this example, the average 
value of a distance P between the edge of the electroconductive film 7 and the edge of the device electrode 1202 was 
about 17.5 jjjti. 

so 

Step-d 

The same method (energization forming) as in the prior art was performed to form the fissure 1206 at part of the 
electroconductive film 7, as shown in Fig. 24C. 
55 in this example, a triangular pulse was used. A pulse width T1 of the voltage waveform was 1 msec, a pulse interval 

T2 was 10 msec, and th puis height was gradually raised v ry0.1-Vst p.th r byp rforming nergization forming. 
The voltag at the end of the energization forming was 5 V. 
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Step-e 

Bythesam method (activation processing) as in th prior art, ad vice current l f and an mission curr ntl e which 
were z ro before activation processing largely changed and increased so that the electron-emitting portion was formed 
s in th fissur 1206. 

In this example, a rectangular wave was used. The pulse width T1 of the voltage waveform was 1 msec, the pulse 
interval T2 was 10 msec, and the peak value (peak voltage in activation processing) of the rectangular wave was 15 
V. Activation processing was performed in a vacuum atmosphere at about 1.3 X 10" 1 Pa, which was obtained by 
evacuating the apparatus by a rotary pump, for 60 minutes. 

io The electron-emitting characteristics of the device prepared by the above processes were measured by the meas- 

uring/evaluating apparatus having the arrangement shown in Fig. 16. In this example, the distance between the at- 
tracting electrode and the electron-emitting device was 4 mm, the potential of the attracting electrode was 1 kV, and 
the degree of vacuum in the vacuum unit in measuring the electron-emitting characteristics was 1.3 X 1 0r 4 Pa. 

Using this measuring/evaluating apparatus, a device voltage was applied across the device electrodes 1202 and 

is 1 203, and the device current l f and the emission current l e flowing at that time were measured. The obtained current 
vs. voltage characteristics are shown in Fig. 25. In this device, the emission current ^ abruptly increased at a device 
voltage of about 7 V. At a device voltage of 14 V, the device current l f was 1 .2 mA, the emission current l e was 3.6 uA, 
and the electron-emitting efficiency r\, i.e., l</1f(%) was 0.3%. 

This electron-emitting device exhibits the same electron-emitting characteristics as in the prior art. Therefore, as 

20 same as Example 1 0, when a lot of electron-emitting devices are arrayed in a matrix, an image display apparatus can 
be constituted. 

The resultant image display apparatus has the characteristics of the electron-emitting apparatus of the present 
invention, and therefore, a higher efficiency than that of the conventional electron-emitting apparatus. 

2S (Example 13) 

A electron-emitting device was prepared following the same procedures as in Example 12 except that step-b and 
step-c in Example 12 were changed to step-b' and step-c' below. 

30 Step-b' 

Fourteen wt% of an aqueous dimethyl sulfoxide solution were prepared. Palladium acetate was dissolved into this 
aqueous solution to obtain palladium at 0.4 wt%, thereby obtaining a dark red solution. 

35 Step-c 1 

An ink-jet apparatus 151 of a bubble jet type was used to apply droplets 152 of the dark red solution to a substrate 
1 on which device electrodes 1 202 and 1 203 were formed such that the droplets were applied across part of the device 
electrodes 1202 and 1203 (Fig. 26). A droplet which had been applied to the substrate 1 is represented by 153. The 
40 resultant structure was dried at 80°C for two minutes. The resultant structure was baked at 350°C for 1 2 minutes to 
form an electroconductive film 7 mainly containing palladium oxide (Fig. 27). In this example, the average value of a 
distance P between the edge of the electroconductive film 7 and the edge of the device electrode 1202 was 17.5 um 
The electron-emitting characteristics were evaluated by the same method as in Example 12. At a device voftage 
of 14 V, a device current I, was 1.0 mA, an emission current l e was 2.8 uA and an electron-emitting efficiency % i.e., 
45 l</l f (%) was 0.28%. 

(Example 14) 

An electron-emitting device was prepared following the same procedures as in Example 12 except that € e was 5 
so urn, € p was 20 um, € a was 50 um. 

The electron-emitting characteristics were evaluated by the same method as in Example 12. At a device voltage 
of 14 V, a device current l f was 1 .2 mA, an emission current l e was 6.0 uA and an electron-emitting efficiency ti, i.e., 
I«/I f (%) was 0.50%. 

ss (Example 15) 

An electron-emitting device was pr pared following the same procedures as in Example 1 3 except that € e was 5 
um, € p was 20 uxn, € a was 50 um. 
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The electron- mltting charact ristics wer valuated by the same method as in Example 12. At a device voltage 
of 1 4 V, a devic current l f was 1 .0 mA, an emission curr nt l e was 4.5 uA and an electron- mitting efficiency i\, i.e., 
I^ f (%) was 0.45%. 

5 (Example 16) 

An electron-emitting device of this example has the same structure as in Fig. 28A. The electron-emitting device 
includes a substrate 1 , device electrodes 2 and 3, an electroconductive film 7, and a fissure 1606, i.e., an electron- 
emitting portion. Note that definition is made such that t e = S1 - 2S2, € p = S1 + S3, and € a = T1 . In this example, the 
10 fissure 1 606 is formed by energization forming, as will be described later. For this reason, the fissure 1 606 is not always 
formed as a linear fissure, and the fissures 1606 of the respective patterns do not always have the same shape. 

A method of manufacturing the electron-emitting device of this example will be described with reference to Figs. 
14Ato14C and Fig. 28. 

is Step-(1) 

A Ti film having a thickness of 5 nm and a Pt film having a thickness of 30 nm were sequentially formed by vacuum 
deposition on the silica glass substrate 1 cleaned with a neutral detergent, pure water, and an organic solvent. A 
photoresist (AZ1 370; available from Hoechst) was applied and baked to form a resist layer. Exposure and development 
20 were performed using a photomask to form the resist pattern of the device electrodes 2 and 3. The unnecessary portions 
of the Pi/Ti film were removed by wet etching. Finally, the resist pattern was removed by an organic solvent to form 
the device electrodes 2 and 3. An interval L1 between the device electrodes was 10 urn, and an electrode length W2 
was 100 urn (Fig. 14A). 

2S Step-(2) 

A Cr film (not shown) having a thickness of 50 nm was deposited by vacuum deposition. An opening portion 
conforming to an electroconductive film is formed by the conventional photolithography to form a Cr mask. 

Palladium acetate monoethanolamine (to be refened to as PAME hereinafter) was rotatably applied by a spinner. 
30 The resultant structure was heated and baked in the atmosphere at 31 0°C to form a thin film formed of fine particles 
whose principal ingredient was palladium oxide (PdO). The Cr mask was removed by wet etching and lifted off to form 
the electroconductive film 7 having a desired pattern. A resistance value Rs of the electroconductive film was 4.0 x 
10*00 (Fig. 14B). 

35 Step-(3) 

The device was set on a stage with X- and Y-driving pulse motors. The ray of an Ar ion laser with an excitation 
wavelength of 514.5 nm was irradiated on the device such that the intensity on the electroconductive film became 10 
mW, and the X-Y stage was moved to remove the metal Pd portions, thereby forming an insulated region having the 
40 shape shown in Fig. 28A. As for the width of the insulated region, S1 was 5 urn, S2 was 1 urn, S3 was 5 urn, and T1 
was 7 um Therefore, it is defined that * e is 3 u/n, i p is 10 urn, and € a is 7 um. 

Step-(4) 

45 The device was set in the measuring/evaluating apparatus shown in Fig. 16. The apparatus was evacuated by a 

vacuum pump to a pressure of 2.0 X 1 0- 3 Pa A pulse voltage was applied from a power supply 1 0 for applying a device 
voltage V f to the device across the device electrodes 2 and 3 to perform an electrification process (energization forming), 
thereby forming the fissure 1606. 

When a device current l f became extremely small, application of the voltage was ended. The device was left in a 

so hydrogen atmosphere for one hour to perform the reduction treatment such that the electroconductive film 7 contained 
only the metal Pd. 

Step-(5) 

55 A vacuum unit 16 was evacuated by a vacuum pump 15 again to a pressure of 2.0 X 10" 3 Pa. Thereafter, a pulse 

voltage was applied from th pow r supply 10 for applying the d vie voltag V f to th device across th devic lec- 
trodes 2 and 3 to p rform activation processing while measuring the devic current If. The devic current I, which was 
substantially zero before activation processing largely changed and increased. Th d vice curr nt If was almost sat- 
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urated for about 30 minutes, and the processing was nded At this tim , a rectangular pulse having a pulse width T1 
of 0.5 msec, a puis int rval T2 of 10 msec, and a pulse h ight of 16 V was used. 

Step-(6) 

5 

The exhaust unit was switched to the ion pump to evacuate the vacuum unit 16 whil heating the entire vacuum 
unit 16 to about 200°C. The pressure lowered to 1.3 X 1 0r 7 Pa after 24 hours. To grasp the characteristics of the 
surface-conduction electron-emitting device manufactured by the above processes, the electron-emitting characteris- 
tics of the device were measured using the evaluating apparatus shown in Fig. 16. 

10 

(Comparative Example 4) 

An electron-emitting portion was formed by performing the same processes as in step-(1 ) and step-(2) and then 
step-(4) to step-(6) of Example 16 while omitting step-(3). 

is 

Step-(7) 

To grasp the characteristics of the surface-conduction electron-emitting devices manufactured in Example 16 and 
Comparative Example 4, the electron-emitting characteristics were measured using the evaluating apparatus shown 

20 in Fig. 1 6. Each electron-emitting device and an attracting electrode 1 2 were set in a vacuum unit 1 6. The vacuum unit 
has equipment (not shown) such as an exhaust pump and a vacuum system necessary for the vacuum unit to form a 
high vacuum so that measurement/evaluation of the device can be performed in a desired vacuum atmosphere. A 
rectangular pulse voltage having a pulse peak value of 15 V was applied to the side of the device electrode 3. The 
applied pulse had a pulse width T1 of 0.1 msec and a pulse interval T2 of 25 msec. A distance H between the device 

2S and the attracting electrode was 4 mm, the potential of the attracting electrode was 1 kV, and the pressure in measuring 
the electron-emitting characteristics was 2.0 x 1a 7 Pa Table 5 shows the results. Note that t\ represents the electron- 
emitting efficiency (l^/lf). 



Table 5 



30 




If(mA) 


■•(MA) 


n(%) 




Example 16 


1.1 


5.1 


0.46 




Comparative Example 4 


2.5 


2.5 


0.10 



35 According to this example, it is confirmed that a device having a high efficiency can be easily manufactured by 

applying the present invention. 

(Example 17) 

40 First, the same processes as in step-(1) and step-(2) of Example 16 were performed. Thereafter, the following 

processes were performed. 

Step-(3) 

45 The device was set in the same apparatus as in step-(3) of Example 1 6 to form an insulated region. The insulated 

region has the shape shown in Fig. 28B. 

As for the width of the insulated region, S4 was 1 urn, S5 was 5 urn, S6 was 1 0 urn, and T2 was 7 urn 

Step-(4) 

so 

The device was set in the vacuum processing unit shown in Fig. 16. The same energization forming and repro- 
duction processing as in step-(4) of Example 16 were performed to form a fissure 1606. 

The vacuum unit 16 was temporarily evacuated to a high vacuum by a vacuum pump 15, acetone was supplied, 
and the pressure was set to be 2.5 X 1fr 1 Pa. A pulse voltage was applied across device electrodes 2 and 3 to perform 
55 activation processing. At this time, a rectangular pulse was used. A pulse width T1 was 1 msec, and a pulse interval 
T2 was 10 msec. The pulse height was gradually increased from 10 V to 18 V at a rate of 0.2 V/min. 
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St p-(5) 

Supply of acetone was stopped. The vacuum unit 1 6 was vacuated by the vacuum unit 1 5 whit h ating the entire 
vacuum unit 1 6 to about 200°C. The pressure I w red to 1 .3 X 1 0* 7 Pa after 24 hours. To grasp th charact ristics of 
th surfac -conduction iectron- mitting devic pr pared in this exampl , the electron-emitting charact ristics w r 
measured using the evaluating apparatus shown in Fig. 16, as in Example 1. The pulse voltage applied to the device 
was the same as in Example 1. The pressure in measuring the electron-emitting characteristics was 2.0 X 10* 7 Pa. 

In the device prepared in this example, an emission current l e abruptly increased at a device voltage of about 10 
V. At a device voltage of 15 V, a device current l f was 1.1 mA, the emission current l e was 6.4 uA, and an electron- 
emitting efficiency r\ was 0.58%. 

(Example 1B) 

The same processes as in Example 16 were performed except that a focused ion beam was used in step-(3) of 
is Example 1 6. Finally, the electron-emitting characteristics were measured using the evaluating apparatus shown in Fig. 
16 at a pressure 2.0 X 10* 7 Pa under the same conditions as in Example 16. At a device voltage of 15 V, a device 
current I f was 1 .0 mA, an emission current l e was 5. 1 pA, and an electron-emitting efficiency t\ was 0.51 %. 

(Example 19) 

The same processes as in Example -16 were performed except that an NdiYAG laser was used in step-(3) of 
Example 1 6. Finally, the electron-emitting characteristics were measured using the evaluating apparatus shown in Fig. 
16 at a pressure of 2.0 X 1 0r 7 Pa under the same conditions as in Example 16. At a device voltage of 15 V a device 
current I f was 1 .3 mA, an emission current l e was 5. 1 uA, and an electron-emitting efficiency r\ was 0.40%. 

(Example 20) 

In step-(2) of Example 16, the conventional photolithography was applied to simultaneously form an electrocon- 
ductive film 7 and an insulated region such that the pattern shown in Fig. 15A was obtained after liftoff. The remaining 
processes were the same as those in Example 16. Finally, the electron-emitting characteristics were measured using 
the evaluating apparatus shown in Fig. 16 at a pressure of 2.0 X 10 -7 Pa under the same conditions as in Example 
16. At a device voltage of 15 V, a device current l f was 1.2 mA, an emission current l e was 5.0 uA, and an electron- 
emitting efficiency t| was 0.41%. 

According to this example, since the electroconductrve film and the insulated region were simultaneously formed, 
the manufacturing method of the present invention could be quickly applied, and the surface-conduction electron- 
emitting device could be uniformly manufactured. 

(Example 21) 

40 An image-forming apparatus was prepared following the same procedures as in Example 1 0 except that step-l of 

Example 10 was changed to step-l' below. 

Step-l 1 

45 The electron source substrate was set on a stage with X- and Y-driving pulse motors. An oscillation line of an Ar 

ion laser with an excitation wavelength of 514.5 nm was irradiated on the substrate such that the intensity on the 
electroconductrve film became 1 0 mW, and the X-Y stage was moved to remove the metal Pd portions, thereby forming 
an insulated region having the same shape as in Example 17. 

The device was set in the measuring/evaluating apparatus shown in Fig. 16. The apparatus was evacuated by a 

so vacuum pump to a pressure of 2.0 x 1 0~ 3 Pa A pulse voltage was applied from a power supply 1 0 for applying a device 
voltage V f to the device across the device electrodes 2 and 3 to perform an electrification process (energization forming), 
thereby forming a fissure 6. 

When a device current l f completely became zero, application of the voltage was ended. The device was left in a 
hydrogen atmosphere for one hour to perform the reduction treatment such that an electroconductrve film 7 contained 
ss only the metal Pd. 

As a result, a satisfactory image-forming apparatus could b obtained, as in Example 10. 
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(Example 22) 

In this exampl , a case wherein a continuous electron-emitting portion is formed in the entir insulated region. 
In this exampl , an electron-emitting devic was pr pared following the sam procedures as in Exampl 1 exc pt 
5 that the insulated r gion formed by th focused ion beam processing apparatus in step-c had the shap shown in Fig. 
1 5A, and the width of the insulated region was adjusted to be 40 nm at all portions (portions indicated by thick and thin 
lines). Note that € e was 5 um, € p was 10 urn, and € a was 10 urn. 

The electron-emitting characteristics of the device of this example were measured by the apparatus shown in Fig. 
1 6. The voltage applied to the device at this time was a rectangular pulse having a pulse width T1 of 1 00 usee, a pulse 
10 interval T2 of 10 msec, and a pulse peak value of 15 V. A distance H between the device and the attracting electrode 
was4mm, and the potential of the attracting electrode was 1 kV As a result, a device current l f was 2.5 mA, an emission 
current l e was 5.2 uA, and an electron-emitting efficiency tj was 0.21%. 

As has been described above, according to the present invention, an electron-emitting device having a high elec- 
tron-emitting efficiency and stably controlled characteristics is provided. In addition, a high-quality image can be ob- 
is tained by the image-forming apparatus using the electron source in which a number of devices are integrated. 



Claims 

20 1 . An electron-emitting apparatus constituted by an electron-emitting device having an electroconductive film which 
includes electron-emitting portions, and an electrode for attracting electrons, 

wherein an electrically insulated elongated region is formed in said electroconductive film to divide said elec- 
troconductive film into a higher potential side and a lower potential side, said insulated region having a substantially 
periodical shape formed of portions projecting to the higher potential side and portions projecting to the bwer 

25 potential side, and continuous electron-emitting portions are present at at least part of said portion projecting to 

the higher potential side in one period of said insulated region. 

2. An apparatus according to claim 1 , wherein deposit comprising carbon and/or carbon compound is on and in the 
vicinities of the electron-emitting portions. 

30 

3. An apparatus according to claim 1 , wherein a length € e of said electron-emitting portion included in one period of 
said insulated region, a period € p of said insulated region, and a zigzag distance € a between said portion projecting 
to the higher potential side and said portion projecting to the lower potential side in said insulated region fall within 
the following ranges: 

35 

5 u.m £ € p <, 80 um 

^ 1 u,m £ € e £ 40 ujn 

1 u.m £ € a £ 100 urn 

45 4. An apparatus according to claim 1, wherein said electron-emitting device further comprises a pair of opposing 
device electrodes, a portion on the higher potential side and a portion on the lower potential side of said electro- 
conductive film are electrically connected to said device electrodes, respectively, and a region sandwiched by said 
device electrodes has a periodical shape formed of portions projecting to the higher potential side and portions 
projecting to the lower potential side, and said electroconductrve film mainly exists at said portions projecting to 

so the higher potential side in said region sandwiched by said device electrodes. 

5. An apparatus according to claim 1 , wherein said electron-emitting device is a surface-conduction electron-emitting 
device. 

55 6. An electron-emitting apparatus constituted by an electron-emitting device having an electroconductive film which 
includes electron- mitting portions, and an electrod for attracting lectrons, 

wherein an lectrically insulated elongated r gion is formed in said lectroconductiv film to divide said lec- 
troconductive film into a higher potential sid and a low r potential sid , said insulated region having a substantially 
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periodical shape formed of portions projecting to the higher pot ntial sid and portions projecting to the lower 
pot ntial sid , a continuous linear lectron-emrtting portion is formed in said insulated region, and a I ngth € e of 
said portion projecting to th higher potential sid included in one period of said insulated region, a period t p of 
said insulated region, and a zigzag distanc € a b tween said portion projecting to the higher potential sid and 
said portion projecting to the low r pot ntial side in said insulated region fall within th following ranges: 

5 u.m £ € p £ 80 ujt) 
1 u.m £ i e <. 20 \im 
5 u.m £ t a <, 100 urn 

and a potential drfference V a between the attracting electrode and the electroconductrve film of lower potential side 
and a distnce between the attracting electrode and the electron-emitting device satisfy the following relation: 

V a /H £ 0.5 X 10 6 [V/m]. 

7. An apparatus according to claim 6, wherein said electron-emitting device further comprises a pair of opposing 
device electrodes, a portion on the higher potential side and a portion on the lower potential side of said electro- 
conductive film are electrically connected to said device electrodes, respectively, and a region sandwiched by said 
device electrodes has a periodical shape formed of portions projecting to the higher potential side and portions 
projecting to the lower potential side, and said electroconductrve film exists in said region sandwiched by said 
device electrodes. 

a An apparatus according to claim 6, wherein carbon and/or a carbon compound is present on and near said electron- 
emitting portion. 

9. An apparatus according to claim 6, wherein said electron-emitting device is a surface-conduction electron -emitting 
device. 

10. An electron-emitting apparatus comprising: 

an electron source in which a plurality of electron-emitting devices are arranged on a substrate, said electron- 
emitting device constituting an electron-emitting apparatus of any one of claims 1 to 9; and 
an electrode for attracting electrons. 

11. An apparatus according to claim 10, wherein wires electrically connected to said electron-emitting devices are 
formed in a matrix in said electron source. 

12. An apparatus according to claim 10, wherein wires electrically connected to said electron-emttting devices are 
formed in a ladder-shape in said electron source. 

13. An image-forming apparatus having an arrangement of an electron-emitting apparatus of claim 10, 

wherein said attracting electrode emits light upon irradiation of an electron beam emitted from said electron 
source to form an image. 

14. A method of manufacturing an electron-emitting apparatus of claim 1 , comprising the steps of: 

removing part of said electroconductrve film by any one of micropatteming technique of focused ion beam, 
laser processing, and photolithography to form a portion other than said electron-emitting portion in said in- 
sulated region; and 

applying a voltage to said electroconductrve film to flow a current, thereby forming said electron-emitting por- 
tion. 
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FIG. 13 A 
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FIG. 20 
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FIG. 22 
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